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(54) [liO^Sf] H^AWXfflSt 



(57) [Sttl 

[Rfl] S i S«±tC, ##*Bt*©«H«tUT, 
WV&WA S i *«SS»«cD^Bi<c. A77ri5 

^{b^I*3j;tN'/$/tfiiEfbv ; ;H3-OA$:^tfR - Z r 
#IMt:*J#IR. A (#±StES|S) . Mn*S«fctfO£^ 
*. ^MYMnOiaUifiSti^AMnOjSllS. A 
1 *5«ktfO£^trA 1 O x *W«. ^ffc^ 



(2) 

1 

m.<n%M\z, Ay 7 7l?£:frLTSlffiJ§£# L, 
' WBA y 7 r R{t«j A y 7 7 li *s «t / $ lift 

StrfEKfk^lA* y 7 r»*«. ^±5g?c^ (Sci3cfctfY£ 

&-£tI*^ A [Ate. ^±^tc* (S c:fc«fctfY£-& 

tr) , Mn*it;o*±l«»i:l. /vMYM 10 

n 0 3 l!©il8ft«jtS^r-r*xhr^*>'^;H«T*'5A 

uno 3 mnm^tsti\ a i *j«fc^os^js»<tr« 
xtf^^r->^j^T*^A i o x mmm^tsA\ mm 
r-z r %m<ty>mmt* HMBAMno 3 *»BM3«fctf 

ME&ftft/X^rJiJP. ^k5 1 ^>, ^fcx^7. £ 
{fc*>*;i/:fc«fctfgft>^:nx'7A©4>&< t*> ia& 

jg £ w T * £ <k x tf ^ * •> v ; MBt * * tr t> © r * 3 tt 

[3&## 2 ] mfSESlBn/ia*, A 1 . G a fccfctf I n *> 

<5a«?*n*^js:<tt>iaiNt*±i«»fr*A 1 

Ga I nN3RWIS*^tJ*\ *ftSIB*3£j«»trft Z 
nO?6s$l»£^tr^, RfJffiJA 1 Ga I nNjS*lJJ;tf 
fiflfCZ nO^^BMS:^tfgB*ig 1 ©tfr/H XfflS 
IK. 

[38**3 ] flute A 1 G a I n N*SM8tf«i|M»#-e* 30 

Cr§*^4] ftfj^*«*ts i (ioo) mzmmizm 

f-SfcCDT^O. ftfJfflS^cDS i (110) BStBfJlS« 
en/S» (1-10 0) ffli^¥fTT-$.-2)^^<W 1 ~ 3 

[n9*«5] miE*BSiH±. nflffiatisni*. ftufEAy 

7 r h tsaaa«iBHi:©nij. sfettfitne/ty 7 ruffe 
&mmm&mL. zo&mmmtf* pt, i r. os. 

Re, Pd. R hfect^R u <£>'>&< tt> 1 

tt sxtf^^->^;m-e*sHH*igi ~4®ufn* 40 

[38**6] nfJiE&Jg?$Jg<Z) (111) BB£fcte (0 
0 0 1) BB*<aE«*BSi:3FfTCEl*lbT^*l»*JB5 0D 

[0 0 0 1 ] 

C5fiWOJR-r-5ftHS»»] tff/HXffll 
«. RttWtcte. 7;k77-f hS©W«*S i K<g±K 
tlx.. SAW (#tt:3lffii&) ^^Offim?;j*fi)lHCD^ 

aw led (^Tty-r^-K) . u-if-y-r^-- 50 



ftmW- 1 1 -2 6 0 8 3 5 

2 

Kfc^OiMMWBftJlH 6 . I Cffl©k-h->>7. ^ 

ytx'f -y^. oe 1 c (jt • m^faiiigs : opto 

-electronic integrated circuits ) ^(Dft^^lrfci: 
[0 0 0 2] 

[«e*<os«] s i*«±{c, & 

Lsi. so i&wiiz&zmnttftmLs 1 #&t*$n 
t^s. $<=>(;:. mnfro— m-v&zmffinftfr 
w«tfflir»*t, wjsMt^^u. ft^ 
M»*«ttf3tx-r y^. oe 1 cmmm*imT3bz>o 

SQUID, y 3 t7V>^, Sg#h7>> ? 7^, 

w*^, n>#;UA. /t'Jif, -f^- 

[0003] z-nzommmzm^fc^mfc?/^ 7tc 
z&tmmmz^TbmmT&Q. mm^m^aiz 

[0 0 0 4] *ffl«fctfttO**=E«tEE*«:©teill»jft 
tt. ZnO. A 1 NlzRiBkZtlZ&oizOJUyr-l hM 

stotw. 7;p-7T-f vm\L^m<r>y.\i^^^\)v 

[0 0 0 5] $t. ZnOWK^S i StR±Cfi»Xlf 
? + y1-MfiStt±5tnt. SiStg^BSfCSi 
0,»*«»)«SnTLi5. S i *«^B5(CS i O a H*« 
l¥ifif-r«. t , Z n 0*8S;M«fi-r-5IRK: S i ^SSOgH^l 

*a*teisna:<ft*. mitznoi 

T, cnSTS i SS±tCZ nOSSii^Xfcr^^->^;l/ 

[0006] a 1 n^^s i S«±fra^xtr^+-> 

CTA^Jpn. J. Apl. Phys. vol. 20. L 173 <1981) \Z 
li. MOCVD (W«&K*fflV>fc{fc¥ttafflfifcR> ffi 
$rffl^, S i SISWSS^ 1 2 6 OttltA 1 NSrX 

GaNf©l)lc$fffl0A77 7i 1 !:lTA lN$ffll> 



I 



(3) 

3 

#£ttffiW^$SfirCPM92 1-13. P45 (1992) iZi*. MOVP 
E (&«£JR3L4BJ$£) m\Z&K) 1 1 0 0 "CJiLkT-x t! 

Cooo7] ^new^-rncD^-g-jcijiiTfe, ain 
i o or&±£Mn. a i Nmm& 

1 0 0 0 , CJW±T'^/5£-r^t. A 1 N©«J«B*T?** 
A I A«S i SfiiSKlT7JR^'?AyUii--f Kftffi* 
pgb-^T^. l/fc*bT, 0 0 0<CJW±<*: 

fc«)C«'£fOttasa-5s^R****©t?. ttStt43J:tf 10 
F?9lttft<<K < ft o T b * o 1 1» 5 HH#» -5 . 
[0 0 0 8] St. ^fb#Ur7A (GaN) . &it7 )U 
SZW (AIN) . M-f>y^A (InN) Sfctt 
^it7)lS. — OA • jSWI* (AlGaN) &-5Hte-£- 

ft e <dss«®i ii - vm&{t<b¥mftfrz>izz>nm 

tt. *IM»*3!h9>5>;**. LED (5fiJ6^-f*- 

£ftT439. WKJSiffTtt, WAtfBilSXU* hnx* 
Xno. 674, p. 79 (1996) IC7k£*i£ <fc 5 (C. ^tl^jb 

©3t*«3fraLED*tffissftT^a. 

[0 0 0 9] Ill-V&gfbtl^igWl, MxtfGaN 
WKSffl^fc^fr^Tfa. GaN»R*»jSf-5fc 
*©*1StbT— ^7 7^ TWffl^SftTH*. b 
*U U-^r-f 7ttGaNt»T^»c*Sj:^»»«* 
S&Sfci*, MiGaNtOW^GaN 
fl!lfc<E&a«*A3ftfc 9 . G a NHSS*»**K«fc D«» 

ftsw-fcD l. ^Hft«sa*«»e»ftft^t^5ra)s*** 

J«*»»L^t^5ISIia*«**. Sit. U-7 7^71Sli 
S i ^©¥^#:8tR£Jfc^5«fciS«T£9, *ffl¥ffltt 

[0 0 10] S i fc. GaNKftbte^ggclL 

[0 0 11] GaN^©gfc^¥£tt^S&£s$l£05J&S 
attftfa±£tr&£#>tf)fI3t<!:bT. WAtf. ?*W9 40 
-4 5 9 6 0 t77-f 7S«1>S i S«_h 

l:ZnO/\'7 7 7i^LTI nGaA l NHftiStt-S 
£<hrt*8E«SftT^*. H&$HTtt, SiSi±CZn 

*iw+->t)i-R) tbx mm? zztizmmmzTF 
*imx'$>K>. ®&tt.*>£zfmMttAzmntzm£T2>z.i: 



#lf 1 1 - 2 6 0 8 3 5 

4 

[0 0 12] St. #^ip8 - 2 6 4 8 9 4#4i«C 
S i^S i CSfiltC. C a x Mg ,- x F 2 (0 
^1) Ifei^Mg.C a 3 -tN 2 (0^t^3) HCD'> 
&< £*>— #ftJ£fifcU CO±l:Ga y In I AI,-y-, 
N (0^y, z=Sl) JB«r»l«Ufc#i»ff*T-*«8BttS 
ftT^-So l^^ffiTfi. *ffi©^JBl**^tiS i-^S i 
Cm&m^2>Z\£&T'g. iloMOGa InAINi 

e>©*»CJ:fttf, S i SSJifCJgfifcbfcC a,Mg,- x 
FzI^Mg.C a 3 -iN 2 ««. *8ffitt*J:tf8ffltta** 
t»T*5;i«**ofc. Z\(Dtztb. dft6W/iCD± 

[0 0 13] St. S ili±CGaNgI50)iit5 
BC. A777ltl/TA 1 N^BI-^S i CigJUftfiJffl 
tSutfett^nT^S [J. Cryst. Growth 128.391 (199 
3) 4o=fcZ>'J. Cryst. Growth 115.634 (1991)] . bA>U * 
5SW#eo**»:«fcfttf. S i 3£«±(;:iSj£«*j«bfcA 
1 NtWJJM-^S i CUUM** «SStt*J:^*ffitt**=F+» 
tSSutAWot. Z\(DfzSb, znt>v>mm(D±iz 

[0 0 14] 

IS ©ssafiSifi ft fe -d x tf ^ + -> V ;u«ta«#ftT s « J F5 f 
A'-f 7.fflS*gftfI{ftt-£ c tt*ab5. 

[0 0 15] 

[«Rffl*»*-r*fcj&o*a] ^ctsfcawtt, tie 

(1) ~ (6) ©lvrftfr©P»$(C t fc9jSfilt;*ft5. 
(1) '>&< tt>«B5*«S i iiMSaa* 
SS(C. A*-y ^rUfttf-bTglffiJSftWb, MfE A* 777 

n^&«<aaftT*o. ma3»{t«iAy7rJi**. »± 

Kfb n x r> A ft t "T -5 x t? ^ ^ -> jimx-$> 
•6R-Z r*Kft«l»«!*'&tr*^ A [A»4. #±«vc 
m (S c^cfcOtYft-^tJ) T$>-5] , Mn*WOSi 
jS&iU A*ffiYMnO a IBO«SI&l«itft*rr4Xtr 
^ + v^JPBfT$>«.AMn03^^Bf ft^tr*V A 1 43 
i^Oft^^t-r-SXtf^ + v^^BKT^-SA 1 O x 
JRWWSStTflv iiUfCR-Z r ^Sftftllt. fiflSI A 
Mn0 3 3SWBt*J«t^/*fc«8[rEA 1 Ox^»aii:ft-& 
tyfc<DT*0. nuf[J^<b^A*-y 7 7i^, ^b^^>. 

tZ<t* iaft^^i-r^Xtf^ + ->^^B^T'fe^>N 
aC 1 §^{b4&t$ffilft^fr*>roT-&9. nu'BB^ffiJB^. 

^;i/^7-f hia^a^ft^-rs^fb^xe^+v^^ 



5 

«i x tr ^ * -> +■ >i m & tr t> <d t- * & « ^ x / n* -r * ffl a 

(2) b9I2«B5)S^ Al. Ga*J«ttXl n^saW 
$tl5'>)S;<ifcl ItNtSi^itSA 1 G a I 

j»K£-&tr*v BflfSA 1 Ga I nN^i>R43j;^HiJfBZ 

no^iis«^#to±fe (i) (omT^/N'-f xfflsts. 

(3) HtlfBA 1 Ga I nN*»|»*ti|i*«:T**±l2 
(2) Offf/H^fflifi. 

(4) Hiii2S«^s i (ioo) i^iictnt 
©Tfeo. Bfitesisws i (iio) mtmmmffimcD 

(1-10 0) jfflt*«spfTT*-6±aB (1) ~ (3) CD 

(5) mifi2giffiJI±> mffG^BS/l'f. BiJlCN'-y^Tll 

l^tl, CO^H»'BI*«, Pt, Ir.Os.Re> 
Pd. R h&itfR uO'>/i< <hfc 1 
Xt^^v-V^Tfe-SifB (1) ~ (4) co^-rn^ 
ffltfr/HXfflSS. 

(6) fflGAMffK® (1 1 1) ffi^fctt (0 0 0 
1) BS75i*S*fflt¥fTfwiai6jbT^-5±IH (5) ©1 
fr/HXiSfi. 

[0016] 

Sr. S i mfa±\zm&X.¥i$>*isirJlf&&2ii&ot'r 

no^xtf^+v-v;ufigft-r-5Wt, s \mm\z$mn 

©Si0 2 TO<MStl. ZnO0It^ + yt^ 
[0 0 17] fit. *3£WT*i$, S i M^tt^I 

■i vmit^mnm (.mmm) zmmrz. A77711: 

tt, ±EbfcAMnO a JR«|R, R - Z r *SfiflS«» 
M. A 1 Ox^li, NaC 1 ££4&M*Kejlit>«. 

t =t ztmttfktf&izi&M u t t> -5 

7cJ6. ±f2A'.y ^rSS^-rS^iJCfcO, ±fCZnO 
*«IR*±EA 1 Ga I nNIiSiftt'O^)^?^ H 

ffl©*sai»ifi£t> -swats, s i s^±icxtr^^->^ 

[0 0 18] Lfc«bT. #32W::J:ntf. affoffii,! 



(4) #i¥ 1 1 -2 6 0 8 3 5 
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ZnO. A 1 N. GaN, InNlffl 

KIpCD U— tf-Jfrf ^©fcfli KttfCjg UTH*. 
[0 0 19] *^uilT«, Si (111) mWLti 

nX'U<S i (10 0) S«£fflHfc«£T?t>. 

-e^^fc*. si ( i o o) »«©«jBa*wca*. 

Sitt (110) ffi*»»W«i*^b, *^l«T- 
«. Si (1 0 0) ISi^y?^ r-S!tffc-&#l»IBI<i: 
20 Si (10 0) //^7-f HSMfc 

&i (0 0 0 1) AOS! (110)//^7-fM 
fb-g-^J (1-10 0) tTSCt^Bltg^CDT'. S«i 
^7-f hg{t&tt»l«<fcTfSIBiffi£-&;**S£4: 

«Atfu— tf-^cjaffl-rsJiJi^ic^rfijT* 

-5. (1-10 0) fC&tt-S r- 1 J fct, ±jj££ 

[0 0 2 0] *5SWT?fflUSS i*«Sft»«tt. 17 7 7 

30 [0 0 2 1 ] *»W»C451»T, ^WbL-fc^^^r-f 

[0 0 2 2] *»WOt : fTA'fXfflSfitt. LED^ 
l"— tf— Btf^bfcJc^fC, TFJfSgtt 
^'J, #*M9-fe>+r. ^SSIEgg. ftX^-^. OEI 
C. SQUID. y 3 t7V/$f. @e^r-^>> f X 
^. *fi8»-fe>-tr. Se^BE^LSI. SAWlf, n 

40 ^xtriiiHpiflg-ea^o 

[0 0 2 3] *5giJUT«, /^•v7 7SCD± J ^' : f. 43j;tK 
[0 0 2 4] 

so mwomi&oMm] wt. *?ew<Dmm<DBmiz-D^ 



t 
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[0 0 2 5] *lijfl©iff;HXffllffiH '>&<£ 

t^ffi^s i ^.m^x&zmmmmi.iznyyrmzm 

AMn0 3 fm R - Z r £8Ht$J«PI$. A 1 O x 

*mm&&tfNac xm'g.immm^ww.zn, mm 

mit. A IGa I nNMI^ZnOHIIfti'O^ 
7r-f («Sft^«l»«A»6I«*n4. *®JfCD 

7 7iti:ii, &gfci6i;T&«#isa*»tte>n*. & 10 

[0 0 2 6] #3B9I©*^7 f m;*ffla«©ttJ«0"l&. 
gll CO (a) ~ (e) iZ^t. Ml (a) K^-T^Px 

1 2 1 tail 2 2 t S C ©UtttS. mi (b) \Z 

R2 3*^rr*s*»ttHi (a) ic^Tt>otra«r* 

*. 0 1 (O K*t*?rm^ffl«S2 0B. Stffi 
M2 2ipl=4JMMt2 3*Wf*B«>»4Hl (a) \Ztk 

Tbmtmm-c&z. mi (d) tcsvrm^/'wxffl 20 

S«2 Ott. A'777i2 1 iifflI2 2 iCOW(C#M 

»«2 3^ne)Wiai (a) £ h*-c 

»4. Ell (e) l:iti?r/HXJflM2 0(l A* 

77?i2 i4>ic#)s*si2 3*w-r-5ta^«0i 

(a) t'^TfcCDt[Hl^-e$.-5o 

[0 0 2 7] /b77i2l!l«, 21W±fflfl!)^!S; 
R-Z r**ffc«*K££tr*^K:ra. R-Z 

r %mitmmm*:&tiimizmwzz\izmj3iisi<\ & 

01 (c) ommm^mi (e) ioA'^thw 30 
o iz&mmimzik/v-v 2 it^^n&sisits*^. 

[0 0 2 8] *3BWT?tt. S i HM^SIS 

[0 0 2 9] 2»«)WRSiittbT»J«-r*JI^, Tift 
<hfc*»W («T. £^co±t;:/&fi-r 
3i$H8 (HT. JfcSWKtl^) t©IW©» ; p©3FlE^ 40 

^Sfi (W4 : %) tt. 

<5 (%) = [ (d 0 pi-dsub) /d S ub] X 1 0 0 

-7?. 

TifittltoOTCfttfftfittRO-E-ft «fc DWtuci 
»Cft». 6 = 0T-&-5«^-tC«. T»WK£l«fiWK£: 
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Kfifftftt A fc W A $ n^>T < fc -5 © T. jf $ b < 

[0030] a 1 ^mmmcoojuyr-i hmit^mm 
i mw..tizmmBm.?z>m£. iw+ytMfi 

B#fCOjM^,acOM^«, Si [111] //A IN [0 0 0 
1] Si (111) fflftCDte^ggcteO. 3 

8 4 nm, A 1 N (0 0 0 1) ffil*3C0t&^ ( a ttcotS 
^JESO (40. 3 1 lnm&CDT, 
9. 0 

[0 0 3 1 ] dtUdfcfU *3EWK:*Jtt*Ay7 7Hi: 
LTR-Z r JRgHb^S«l8l> WAtfYSZ (ZrO z C 

SZjglll a*. A*a-C»0. a ittcot&^tgc 
140. 5 2 0nmfcCDT\ 0 2 \ZtH-? J; 5 tc Y S Z (11 

I) ffif*3©*&^£&«0. 3 6 8nm£&D, YSZ (1 

I I) wnom-WA in (oooi) m^<D^tm. 

^©£#©514-15. 5%<h&5. Lfctf-D 
X, S i StRiKYS Z»«t75^6a*Ay 7 7HS^tt 
SCiCiO, S i S«±(CA 1 N»H*£ifi8&JBj£Lfc 

[0 0 3 2] St, A'y77itbT±i2YSZ*ffl 
V», SWJ/r-f HS!{t^«lWIRi:bTGaNWIR*fflH 
YSZ (111) ffi|*3©t&^ £G a N (0 0 0 
1) fflrtco^ (teT^ifcO. 3 1 9nm) <bri*M£U 
-^©<i$©<5 tt- 1 3. 3 %<h'h£<&-5. 

[0 0 3 3] Sfc, YSZl:iATYb 2 O a , Lu 
2 0 3 , SczOjSfflWl (111) SSF*3COt&^Pc 
«-€-n^-*tl 0. 3679 nm> 0. 3674 nm> 0. 34 
8 lnmt&O. GaN (0 0 0 1) B5tC0V-y^>^« 
Z<b\z mi £.?£%>« 

[0 0 3 4] YS Zl:i^.TT i N. Z r NSrffl 

t>ni*. (i 1 1) BSrto»^«ctt-€-n-eno. 30 

Onm, 0. 3 2 6nm£fctK GaN (0 0 0 1) DB<h© 

sxv7faBfn*'n+6. 33%, - 2. i5%t 

[0 0 3 5] *7c, ^^r-f hSM:#«»BtibT± 
f2GaN»BS«:ffl^. A , 777ltlTAMn0 3 Iil 
R. MxtfHoMnOJiSBl^t, HoMnO 
3 (0 0 0 1 ) B5l*3CO*&^^©:« 0 . 614 nmT* 0 . 
^cotS-^«l/2TGaN (0 0 0 1) B5rtC0t&^t^ 
-^CO<i:#C0 5«+3. 9 1 % tffii&T '^2 < Zi. 

[0 0 3 6] ^KWOW-^x/W Xffl»«&fiJfflbfc* 

■t©Tift4:a:*^b*JH*«»J«$n-5. Z\n<b<D&ik<fa 
ill -Ul:Ga x I n y Al ,- x - y N (05x^1, 0 
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Z n 0=&i$IH:fecfctfA 1 G a I n N J&SS$S<0fl|j5fc*m. 
MAtfZnO*&ai;fe«fctfA 1 N<8fiT?tt. (0 0 0 1) 

fflrtoift^jeft^-tn-eno. 3 2 snrnfe^tfo. 31 

lnmT&O. &{b&¥£#:fg YiftJf KG a N 

£ffl^-5J§£-K«, 3IB5JICD (0 0 0 1) HnftCD&TTi* 
GaN (0 0 0 1) ffirtWfefti^L, ^cDt^COS 
IJZnOT'«-l. 8 5%. AlNf(i+2. 5 7%i 

[0 0 3 7] &JK&K<Z>ffij«*m. C»JA«P t*S 

ITH, (1 1 1) mft&feTfe&tfO. 5 5 4nmT& 
5. ClCDtS^ttl/2-eGaN (0 0 0 1) ffl|*|CDf&Y- 
tS&t, -^COt^CD <5 tt + 1 5. l%t/h$H<OT?. 

£«£ffi0« Agists t ^ ifana^. 

[0 0 3 8] MfiKOS^S2aJW±O»»[0J«Ji 

(ill) ssr&icoYS zfrt>uz>nyy 

tM±.\Z (0 0 0 1) i2ftCDA 1 N^6»&-5SB5Jl£fl£ 
/SL/t*-a-CD6«, ±gi2L,7t<i;-5(C- 1 5. 5%Tfe-5 
*«, /V^tISYS ZigtZ r N^8i (N a C 1 IB 

ztftMinm £©«H«iStUT. ainiicztn 

Z,Z\£rfT'ZZ>. ZrNOaii©«fS&(i0. 46 1 
nm&cOT*. Z (111) ffiftcDmTfeW 

it. (2 1/! X0. 4 6 1) /2 = 0. 3 2 6nmT& 
-5= ;©«fHA IN (0 0 0 1) ffirtOteftl^ 
U ^cDi:£CD<5«-4. 6 %<fcte-5<Z)T. SXV^f 

[0 0 3 9] Ay77«*«B«jatr*C4:»cj;*^ 

[0 0 4 0] Z\<D£o\Z7kmWT~iZ, Simm±\Zffife 
-r^-tJcJcO, S i SfeitCifiS^^Vr-r bie^ 

[0041] ^{r. *^^cDm^-x/N''rxfflS«^fi!?iS 
Tzm&is&zfi&mmnmmz^^Tmmizwiw? 

[0 0 4 2JSI 
aiSlctt, S i ijMSS^SaDlcWT-Sfctf^W^S. a 
1S«65tt. S i m«SSCO (111) BB*fcH (100) 
W^tM^nt^SuiWSK. (l 1 1) 
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m-Srffo&tf. S^COJl$=Sr<rT$U<«l 0~1 0 0 u 

mas. «toff-*L-<tt2 5~7 5 ummmtm <-r-sc: 

[0 0 4 3] A'77?l 

a. *sim£*5 «t zt&mw-mte. iz mtiz *> <d-c $> * z. t. & 

10 }f$LH. SttMKte. A7 7 7l^Kt§»fH 

x^|Hlt»rtc<fc^ (ill) fflcoM#tcon-y^>^-y 
1. 5 0° KTittSSftOlSattS^Lr 

tOSSBSttS. AFM (K^IHI^HB**) K«fc OffllJtsn 
5«Rz MSfiS 5 0 Onm) T 

Rztt, »SL<tt2nm£tT. «kO»*L 
<tt0. 6 OnrnJETFTifeS. 7^*3. £CDj;5&^a5fi£ 
tt. ^BSco*7$L-<«8 0 =fc9$7£L<te9 0 

%J&(±, Se.fC(rT-*b<«9 5%J^±©SS«T?*^LT 

oT»«t*»*L.fci*t, BSiai 0cm 2 «±CO®^(C 
fefcoTT^H^bfctt^CWl 0ffliBr£U:£ai3£LT 

coMT*-5. *wmbiz&^t. mm&m<DM*.i*8 o 

%H±TR z 7)*2nm£i > T-C<f?)<5<t:te, ±f2CD=fc 3 tC 1 0 
®m«±€rjWJ^U7ci^t-?-C0 8 0 %^±COffi3rt?R z 

te. J IS B 0610fC««$nT^S. 

[0 0 4 4] Ay77H*«^-r*»KtC*5^*ny* 
>^*-^co#fifit3j;Z>*R z ©TEgfS«4#fw&<, /h 
30 3t>l3£tf£l,b>0<. Sffi©i^5. n -y * > i?"* - ^ 
O^flMiOTStttt, — «»C0. 7° SS. t#(C0. 4 
0 8S» ±fBR z COTSEffiteO. lOnma^-C^-5. 

[0 0 4 5] &*3, A777lSi)£t5iSI©RHE 

[0 0 4 6] 'AlZ. A777l^MtS#ilCOH 

40 [00 4 7] AMnOalll 

AMn0 3 Si»i(t /"N^jlYMnOaSroteii^iS** 
U 3EJ«^7)iA [Att. #±«tc* (Sc^OT^ 

cffi*«Elfi]LT^SWKT**. 

[0 0 4 8] AM n 0 3 f f 15 MTi> AM n O a M 
fi»:*t>T. M^itA/Mntt. $7*L-<«0. 8~ 
1. 2. iOWSL<«0. 9~1. A/M 
n«C«D«IH«!:t*itCJ:0. AM n O a ^}ISagW^ 
»tt*SJ:tf*ffitt««ft*f ttt*. AM n Oa&iSSIte. 
50 *:<D±iz8.n<D&{tymm>&:&m?Zrclt><Drt y yrm 
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* tzit&mti.mmt> i &&-?2><D-c. u n cjt-r § o©tt 

iiS. 2. 7~3. 3gftT'S-5. 
[0 0 4 9] AMnOJtffiCU, ?x£a#®l£aift 

*3gUJJ-?tt. A*S|(0AMnO 3 IfflSffll> 
5. ^fg^T'te/^a^WG a InAI N%&it®mm 

AMnOa*'»Bi i t)A*a*©iia»«»^6fljri6-r*^ 10 

[0 0 5 0] AMnO^tmK&ttSAtLTte, #J 
AfcfY, Ho, Er, Yb, Tm&.fctfL u ©4>&< t 

T< A©S&5 2 iBllffl AM n 0 3 ^tfigffl:Sffl 

[0 0 5 1 ] AMnOallKit SKtTff »C c BS*« 
ElSlLfcWBl, Tfcfc>5 (0 0 0 1) EfaHgT-cfe 0 . iff 

* l < « c ssm-reftiK, =tow*b<ttxtf^^->v 

[0 0 5 2] *9!li*fc*Jt**-El6lMtttt. 

3?©1 0%WT\ STSL<«5%£JlTt?$>SB»T*S. 
0J*J;f, (0 0 0 1) J|i— EiSUK. -Tttto-fe c BSm—E 

falKfct, us© 2 0 - e x&mtR-c (oool) msmo 
s w tr- ? (oool) bskwcds^c tr- * 

3£«©10%ErF, *T*L<tt5%£n r ©IRT«&£>. fc 30 
*3, *lJjai»fC*5tiT (0 0 0 L) «, (0 0 0 1) * 

(0002) fc£©*»&ffi&&frrs«jfc"r»*. g 

fc. WAtf (111) ^-E(6]iStt> (LLL) 

A*. (LLL) pS/xt*©^ fcf— £ 

!£S©io*.WT. #£L<«5%^TcDiire&-5. & 

*5. (LLL) It (1 1 1) ❖ (2 2 2) &i'©§« 
[0 0 5 3] ts.1t, *93iffla : {C*3tt-g>xe5' + v-v;HK 

tfztt^ffiKtfcfcffioTEffiLTt^-sfcWT&s. £ 

©<fc?&El6]fcL RHEEDg*fffiTX#-y h£7cte;*. h 
U-i7/^->^t^iT{liTt5. RHE 
EDtll £g*n%*?&|sl#r (Reflection High Ener 
gy Electron Diffraction) T*$>K>, RHEEDfNffi 
«. 8fBnrt(C*DltS*£a^»EfS)Com^T*-5<, 

[0 0 5 4] AMnO^IlfflJP^H ffSKHl 
~1 0 0 0nm, «tO<(T-SL<«3~5 0nmTab-2>„ AM 

Hiit&o. ff-r^-sii. gnfcaffitta«#e>fti;:<< 50 
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[0 0 5 5] R - Z r &ttftr.tt»l» 
R-Z r %R{b'ft&IRtt. MfA-; 7 7§i LTffl^ 
Tfei<. i»|ft«n';7 7l (AMnO a «, 
A 1 Ox*»R) ^«y\-y77i (NaC 1 SJgft 
#Ji$IH) iilLTA'^rlilTfciK A777 
H£flUi?tf?i££T3i§^. R - Z r KKftafflERtt. A 

777 mpuDmommoTmm t Lxmiz z. taws 

Ll>. R-Z r 3R»{b*»BH£Tttl»tL.TKtt*ca: 

fc, r - z r ?S8i{fc#i»i«te. ffiEterofcRtrott^S 
^tea*&0fT**fc«>. ttfc. ffiEflfiO&R&JtttHJP 

■€-roteattiRi±c*#'rs. tztzL* mmm 

[0 0 5 6] R - Z r ftHfcfctt&Ktt, ffir±^7C^ ( s 
c :fcJ:tfY£-^ir) <»mk ! fo&£.Zt/tZtz\Z.mik : i?)Vzi 

[0 0 5 7] f&±«vc*©^{t;#l«, Yb 2 0 3 > Tm 2 
0 3 . Er 2 0 3 . Y 2 0 3 . H02O3. Gd 2 0 3 , Dy 2 0 
3 , Tb 2 0 3 . Pr 2 0 3 , Nd 2 0 3 . CeO z , Eu 
2 O a > Sm 2 0 3 , La 2 0 3l S c 2 0 3 £ TcteL u 2 0 3 fr> 
6 Wfifi S n* C t **iff S L < . fitJiS L £&© "7 5, 
^>y^#lS-T^)t, Yb 2 0 3 , Sc 2 0 3 *Ac«Lu 2 

rc,m<DMit®\z, z\nt>fr*>mviznz>2m&>±e>mik 

[0 0 5 8] irffci^Ua-^Ate. m/S^RWtCZ r 

o 2 -e*^'i*w-sLi^t, it^mmmat^&mntL 

[0059] R-Zr KKfb4fei9R;6fft±ffi7GftKff:tt 
tt. R-z r £»«fc#±Si7c*»fl: 

SifiK»tr*«^»ctt. «^*©^^^l^<fi?i«J l ;^ 
^tC*3(t-5)Z r ©Jt^tt, jtf* L<«9 3mol%@, cfc <0 
<?7iL<«9 5molX«±. $ <E> tr*T$ L < « 9 8mol*W 
±. lfc!fiL<«9 9. 5mol*JW±T-$>-5. ^1^^© 
K{bi?;|/3 = 9i»W«C*^T. S?^iiJ;c^Z r^|^< 

Z r ©it5£©±fgte. M<£(DiiZ.^9 9. 9 9mol*@S 
Sfc, ^f©it5*Ea(bttWT-ttZ r 0 2 i:H f 
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OztcO^HttHL^COT, Z r 0 2 (DiS56S«, Z 
r +H f -COTMftSJiLT^-B. Lfc«bt, 
(Ci5tt-5Z r 0 2 <D$&mt, H f tZ r t&m-JcmtZi- 
fcLT*fcH3nfc«Ta*a«. H f Ozte^fgWC^tt 
5R-Z r3S*{b«J»KK:43t>-CZ r 0 2 ££< ITOc 

[0060] R-Zr ftftftttttfltlCfct. 

©7;i/*u±«vc**K-t:>5 r -r*t. 
;ua««d>U 'J-*£«HH-r*c a io 

1 *>=ktf S i it, ^<Dffifn^*rp]±$-a-S^*3>i*-5. 

Mn, Fe, Co. N i fct'O^vcSfikt. m 

Z. <D mit £ ¥ Uffl T -5 H t fc J: D CD 

[0 0 6 1] R - Z r ZmitWlBmi., AMn0 3 ^l 

K> . AM n 0 3 **N6M3 .fctf^ffilf t8/5£*m 

nvi-rnfc/'^ia^co^a^^^^n-sfcfe. r - z 
r *BMb<*?WJItt, (Ill) iHisioxtr^ + ^^^as 20 

»«ttt, Tifii^SWK** (0 0 1) E^oTt 
(111) ElBlt^Sfeift. R-Z r ^^fb#3i$K±tr 

R - Z r ftttfc«ltfl|£«f 
(0 0 1) m\flKDm^X'$>z>X%^. 
[0062] R-Zr $ttfc<ft&||B0) -5 *3#± {give 31516 
<b«»8itt. Si (111) 8*±K:»(fc-r*«£-C*> 
Si (10 0) m&±iZM!%?Z>m£Tb (111) IB 
filifc*. Si (10 0) S«±»C»«S'r*«^ 

lefct. tf±S5c*»fl:<»»B*£P r 2 0 3i !/>bMt5i 30 

*fe©i««ri»BI*t»6n*. R - Z r fcKlfcfcSMJS 

©SSBMbS^I/ax^Afiiltt. Si (111) Sfe-t 
Tii (111) ElfiJtftSj&t, Si (10 0) mm±X 
« (0 0 1) B2 

[0 0 6 3] R-Z r*«ftttWK©#3:l^ffS«JH 
itioTS&SAi, i7£ L<«5~5 0 Onnu iOff 
SKttl 0~5 0nmT*&&. R-Zr%m<ky>mm 

t^iW*Lt^{, R-Z r m^fb^IiWK^^St 40 
LTH^I&l;tt, 1 0~5 0 OnmSacDfeco^T* 

[0 0 6 4] fcU. R-Zr KBMbtt&Ktt. SflfiECDJI 
fc*2S^±©am£«»Lfc*>©T*oT*>J:<. 

[0 0 6 5] a i o .&mm 

A 1 Ox^SfB^tJ, A 1 *3cfc^0^3E/«»fr^)Xtf^ 
W6r-A 1 zOaSJ^jgSrt-Si^fC/N'-v^rjgt 50 
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1. 0~1. 7T*5ii«lH. 
[0 0 6 6] ft*. A 1 Ox*WBttt. Si (111) 
S«±Kifi«»<a-r**V (111) ElfiKOKftttAy 
7rlCDJ:l:*)JT«. t>m©«^t>. A I OJ» 
Ktt (111) EftCDXtf^v-WPBIiifc.S. 

[0067] a i o x mmmv>m2\z. »su<«5~ 

5 0 0nm> <fc 0*7"* b < « 5 ~ 2 0 nnn?£>-5>. A 1 O x 
[0 0 6 8] fc*5, A 1 O x mfi^tt, £U£CQS&3 2 

a«±©wis*fiaHbfc'bOT7»oT | b«fc<, iP£#ft 

[0 0 6 9] N a C 1 SI^llMj§ 

Nac \ mmitwmwuz. mt-*?, ^ 

[0 0 7 0] N a C 1 g&fcttftfitftf 2 m&>±<D&1tV0 

t*-&„ n a c i m^.i\Lmnmz^^.n^>mtm 

[0 0 7 1 ] N a C 1 £&{bttftl8tt. t(D±.\ZWrfLt£ 

©wi»*fflB*»/s-r*!a«s»fc-r. n a c 1 mmt 
mmm\zmi,xm^n^mm^7\^5^(Dx, n a 
c i m^immm^mmmmtw-n \z (i 1 d m*«e 

ft L x tf 9 * -> * J k M T * a Z t ii w * u ^ . 
[0 0 7 2] N a C 1 £Sfb4Di9IR». S i ( 1 

1 1) *«±K««»j«"rajj», din EisjoSMfc 

%irty7 7m<D±tZMl$-?2>. l>fn©«&fe. NaC 

i ssfCjUffieia (ill) Biaioxe^*->-fr^Kt 

[0 0 7 3] NaC IfflSS^ttMBKOffSL^JPStt, 
L < « 5 ~ 5 0 0 nm. iDJIS L- < « 1 0 ~ 5 0 nm 

t**. Nac i m&tvomm-i. *oisatt. *bb#. 

[0074] /ct^. n a c i m&itvomm*. m.j$.<r>m 
2mu±e>m&&ffimLtzh<Dx&^xh&<. m 

[0 0 7 5] 

foi%ffiii¥-mz (0 0 0 1) ES*i|H|P]tfcfcC0T$)2>o 

[0076] mmiz si (ioo) 

f-2>a«i:, wr&Lfz (111) EftODR-Z r^g?{b 

!B3f®Hii?co/\*^7 7)s^?^-r-5 (ill) mm<D4km 
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SMBi«:fiJffl"r*£iK:«fcD. *«t»ffiH£©isn::*5 

tfSlSiifc^OWaS. Si (10 0) //0)lVT-1 h 

Kt^tt (0 0 0 1) *OSi (110) 

haHb^ft (1-100) tn^t««TS4. Lfc# 

ot, *f€Wtt. UTWftsn*^* 

[0 0 7 7] »Wt©l^f/H 

T**Ct«»ff*bV». ftttfflfctt. giiSJiftt. x^Ihi 
tfflC&ttS (0 0 0 1) ffiOS*t©P«y^>^*— 

3Ma«a*2. 5 0° «Tt«:4e«©iieatt«*rixT^ 

SCtrtW^L-t^. 3?ffiJlC03lBStt£. AFM 

IM3 5 0 0M1) Rz 
tt. L- < tt 2 0 nm^T. «fc DOT* L < tt 1 0 nmJWT 
Tfe-So dCDck^&SlffifflStt. SB5<D£7£ L- < 

tt8 0%W±, iOff*L<«9 0%tt±. $e.tC$7S 
Ktt9 5 %JWJLWSBJ«-r*^LT^-5^<i:*tM*L 

±te^esffi^tt. s«±BBtt>fc-3T*asHs»<a 

bfci#(C B5*Sl Ocm 2 JW±WM^H^AcoT¥lfe|(C 
MltttfOl 0@H)f^±SaiJ^LTCOfif 35-5. 

[0 0 7 8] ^ffiH^t5ft-5>n-y + >i/*-^(0^fi*S 
&«fctf R z <OTBHBtt«rK:fc< . 'hS^lii'ffSLH 

tt. — JRKl. 7° SflE. t(:l. 0° SflE, ±ERz 
©TRSffittO. 1 0nmli^-C$)-2>. 

[0079] mmmoymmzmmisT. ¥att$ 

W«F» £ ^ttWfi)F« t CD flfffl 34 £ £f Uffl I" titt J: 

[0 0 8 0] gffiUcoJpStt. $T$U<tt5nm~5 0 m 
m. <tO»SL<(JO. 5~ 1 0 uaX'$>^>. &Mm&W 

[0 0 8 1 ] SHU, «j£©Sfc*2«JJU:©WR« 
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tzm.W?Z>A 1 Ga I n N Z nOJRSHBto* 

[0 0 8 3] A 1 G a I nNayiHlg 
AlGalnNilllllli. Al. Gai3<fc£Kl nfribM 

[0 0 8 4] A 1 Ga I n N^«g»(D^tt*#tCffi^$ 
n&t^*, IIBWCGaJ n y Al ,- x - y N (0^x^ 
1. OSx+ySl) T^$n^*ftfi£SrWr-5>di7)W- 
10 SLK 

[0 0 8 5] A 1 G a I nN3S»ISItt. nM^p^KD* 

^WttffcSfr ?J*^Ktt. WAfiS i tMg&t', Ga 
X I n y A 1 ,. x - y Nffl#iMCfe^Tftaffl H-t> 
^vcSSr^tDTtltt=k^„ Sfc. P-NS&tyy;K 

[0 0 8 6] ZnOlfl 

ZnO&»Hitt. iMSlSi^il. «F*b<tt* 
20 nmiZZ nOfr<offil&ZtlZ>. 

[0 0 8 7] &.mmm 

temmmzmitz stout. jjtT©ao-c**. *f£^© 

Thiers. ZnO^AlNa^^yT-T Mfc§ 

KW^fcBJJnT*) Z HZ£ K> . gPSt LTOttttffitfB 
dcoJcoTiffl^T'tt. «06R©T«»c««3&»i6J 
Sift*. *&. LED-fl/- tf-y-f *-b*$?©fgft 

tt. £©£3&JR»H£UT«teStt*Ci;&*-CS<&. 

40 [o o 8 8] ztz. &mmm&, ^(DtizMtiz-ztizm 

fe«6tctt, 5fe^iiH^tt±f2LfcR-Z r^K{b%»Ri 

[0 0 8 9] &mmmiz. a*w»c3i:*a*fcttA*a 
*»e.«u«sn. siit^fTi: (ill) HBSfett (oo 

0 1) BB*«EiRlLfcxe3'*->-v;i/KT»a. fe/fb. 
50 *fl*6fnfclSJli:S:4:i:t.»S. a*. (11 
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i) mfao&mmm&i&ifc-rziztbiziz. ^-©Ttcaaw- 

5R-ZrMftftllll (111) ElSlTftoTt) 
(0 0 1) El»lfSoTt)J;K t^-fn<£>l§£fc, &m 

mmit (ill) Eifiittt*. (oooi) sera 

R-2r*ift*Mt (111) Elfilfr*^tJJ«» 
Sll>*5, (0 0 1) El6ltbfc«^Tt>. ife«*Bt* 

(oooi) EiPit-rscitttBi^t?**. 
[oo9o] *«»w*a8w*fi«tti#Kis*sn-r. 

HI© (b) . (c) (d) CSTJiiK, Sffi 10 

(i>t , ©^-rnT-aboTfej;<, afflsn**?7 f A*-f* 

[0 0 9 1 ] Pt, Ir, Os. Re, P 

d. Rh*3«tpfRu©^< th ia*3EJ*»fr*vl 
iWSl/<! cn6©*JR©*«:*fcttcn6©#« 

t, Ir, Pd*3j;tfRhtt3£7&'&<fc&9, Os. Re 
fe«ttXRu«/N^t^:^. 
[0 0 9 2] &K»K©JPSttffli$k:<fc9S&&a«, *7 20 
* b < it 5 ~ 5 0 0 nm. <fc Off* b < « 5 0 ~ 1 5 0 nm 

-ZZtctblzlt, m 3 0nmJ£U:£:-f -3££#£F3:b 
<■ 1 0 0n«»T©J»aT-MMteKI***»#6n*. S 

~5 0 Onmtf-g)^ t*W*L^„ 
[0 0 9 3] gibHjfcg£Ma 

mm±iz&itM¥mtt-m&MtfL?2>mtftti,Th&^o 

fix, 3Sf::«S&£StttobTgfc«MMK*£«* 

[0094] 3nt®fr<bU2>mwm±izz<b\zmm i t 
z>t3.zmwm&Bj&-?z>mz. 

$ nx t> is ait * a» i -r * ^ t a* 40 

Jt&W88b<&-5. l/fc))S-3t. *-©^fbtlliK*^ 
* SSffifB * I »T . A*Tfe*Bff tt t WttStt t * Wi: 

[0 0 9 5] SMbtt¥Wf*:JBfi. ¥3Sttfbb*:A 1 Ga 
[0 0 9 6] £<b4*MMIttJ3©J9£tt. -5-©«titcJ;o 50 



1 1 - 2 6 0 8 3 5 

18 

TfcS/i^^. ilS, 2nm~5 mulatto. 

[0097] xftwon^/u xmmm&mmvtz& 

»©WISatt*5 ±^¥att*3PJffl bfc&ffiW&WTS b 

#lil:->3 7 h bT-> a h^-y-f 

*-K*»»SL.fc0. ttft©S[ft:«l*3lflEHS:R»tTp 
n«e££^/£b. y-f=i— F, h7>y7^, *HMNt} 

*«msl&0. ^mmmhLxu— tf-^-f KS* 

[0 0 9 8] *^i©i^f/HXfflI«*%)t^^ 

-Fi£jgfflbfc«£#©fi5/jrfc0ij£, ni3icrN-r. 

[0 0 9 9] H 3 fC^T^^ ^"-K«, *^UJ©^ 
ffA'-fXfflSI 2 0 ©$B5Jg [ (0 0 0 1) gBfr G a 
NitPHg] ±fc. fi<b*¥»*HS-gr€fBI«ifi{*:*»fi!cb 
fct)©X**. C©^#5igff«, lfTA'-fXfflIS2 

offlj^e, s i zmmmv-T'LtcnmG aN (ooo 

1) <£g§SM>Sfc*n§!!:3>^ Ml 04, S i £ h* 
-ybfcngyA 1 o. 3 G a 0 . 7 Nl^?>a5g2©nSi' 
7^K1105, SiSK-7'LfcnSIno.ciGa 
o. 99 N^e.^Sjg 1 ©nS^^y 1 0 6, / > H 
— y°(D I n 0 . osG a„. ssNH&fr e>&5fiH$.II 107, M 
g£ K-^bfcpS!* I n 0 . o.G a 0 . 9a Nmfr*>fc2>Wil 
CDp!!j7vFil0 8, Mg£ K-^bfcpfflA 1 
o. a Ga 0 . 7W&fr<Z>t£2>ffi2<Dpm?7y KJgl 0 9, 
Mg5 K-ybfep^GaN^e>feSplSya>^^ h 
«1 1 o 

[oioo] ciwi^&^Tt^'f *— vtetetfL-tzmz 

«. »«j8fl£' : l : '©pS!*©*i»<*«ftt*|fil±ai**fc 

x^5 i >y{c=i;Dm^©{ia©nia=i>3'i7 h/i 

■SIEfliffi 1 1 1 Sr, n?gn>^i7 Mi±(cttA 1 frbti. 

sain i 2«as#fe<*cj:o»«b&«. mm*m 

[0 10 1] Mifrftte 
#5SW©«^5WXffl*«*»iarr*K:IRU 
©^73ffi«t#lCPE^$n^^^*, A*-y7r)B*<ttJf^ 
«WK©»j«»ctt. *t±S^AHJ;-g)4#^¥8 - 10 9 0 
9 9^$6lCfet&2nfc75ffitC^bT^jtte£WH>&;: 
t7)W**b^. Sfc. *BS^©J^r£(C«. X/1-y5"J> 
i/ffi, MOVPE (W«^JKSlffi^£) feifc«MBE 

(^^Xlf^^->-) tefcffl^* b<. » 
IC, 7^'^U/^ftS:fflWItASffSLl>. MOV 
PESTttSfiiai^l 0 0 0 < C@fti:S5<-r-5^S^ 

*^>^. *%w%<bv>'$kmz&n\z. x^y^o>^m 

T-«S«?aS6 0 0"CgiST^«g^4-:©^Bnli©^^ 

p]mT'&o, zbizf&i&T'Sb-oTb, mfcm\z\tmi&M 
mt>*2 o o-ct-UT&ntf, teatt©+»fcA*fFja:*as 
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H#WC€?-5. XAy^U >i/SSMOVPE 

**£-*-y-y MINE*. A7J/1'7-&<fc*t;:<fc-3 

[0102] A5/7rH*j«fctf*ffifBt, feffrcecT 

SKfctt. iia. S S iiJMS 

fi<t5Ct«iTtS. IttT'H2-8-f>3 : OSi'5 

x« c ro«t o ts.*mfczf p -t x mm oim-c& z> . & 

[0 10 3] *^IB©tff;H7fflMtB, SSSt 
ffl. T/it)^/'!777lMfflA«< (0<J.*.fcr$?S 5nm 
SSJKT) RffcSnT. S i 0 2 £,!f©»ft;Jiai»j££ 20 

LT±IBK{fclH£&*i:i:t>*-5. 

[0104] 

[0105] M&® i 

1 . Si (111) £«, 30 

2. AMnOjIlI (HoMn0 3 II) . 

3. 3?®lf (GaNIK) 

(Dm-c-mmfimmtsntzn^;^ xmm&2 o£. jy. 

[0106] Si (111) SWcte. *B5# (1 1 

i) Bt&si^cwii/Tiflswii/fcs i^ieffi^ 
xa (Biz-Ofronf, I33 0 0 hh) 

[0 10 7] H4^-r3K#SIBl*ffl^. 40 

2 OrprCEHES-fr. mim.il 7, mt^W 7 (DMim.il 

7,&ki&;X)v%frz>. mm&mw.ttmz2 5cc/#<z>iij 
mi&zntz. 50 
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[0 10 8]*W. S«£9 0 OtKUnSftb. 2 0rp 

■TEHE^-a-* y b^sg^x £25 cc/# 

©a&T»Al/a*»6. Mnfcfeffl59£tf±Si5c**ffi 
S51 OiA^fnt'n^lMni^IHoi*, Ho/ 
Mn (JFFJt) #1. 0 <!:&•& «fc 3 £*IWl/frj&«e.aE3B 

f&LfcS i mit®l<Dm7t£HoMn0 3 m<DMf&i:&. 
m-fX'fx-otZo COHoMn0 3 gI©)»Stt, 15nm 

[0 10 9] C©HoMn0 3 ili$, RHEEDCi 
QWmVtz, 0 51:, ^«Z)55Hi(73RHE ED/^->^ 
SST. «^«S©A»7jj£«S iStSCO [1 10] 13 fat 
Lfz. m 5 tzmf ± -5 lc. }^B8^ffl©lHl#f/l^->«, 

hU-^T-**A^->«, ;©HoMn03ll« 

OJBlA«ASaTi6oT, c ®SE[6)<DXtf ^^i>^)U 

&mzt)1Z&l 0®mfC*5^T. J IS B 06lOK«fc5-h6 
WftSRz (»«PfiSL : 5 0 0nm) Ufc <!: £ 

5, ¥J£|T0. 5 0nm, Mt*0. 8 0nm. S/hT*0. 
0 8nmT"$>0. £**«Mg;*ft 
Ac. 

[0 110] -&\Z, HoMn0 3 Il^SS5l;tt5i 
1££. 9 0 0T2lZtimi<tzm<b 2 Orpm-ClHlte^-ttfeo 
C©t€T, ECR7v f *;i'^3l2l*^^^^XSr2 5cc 

2 OnmOG a Nf$Bl£;£fi;*ti\ tfr/H7fflMS 

[0 111] ;©GaNfK, RHEEDlCiO §¥'(86 
Lfc. EI61C. CfflGa N}WKC0 RHEED/ 1 !^ — 
tj^To «f*S©A»*SttS iSH(75 [110] 
Ufc. I2I6«. A , 77riT*J65HoMn0 3 »I± 
fc, GaNW?It^ + ytMfilTM;t5:S 

^WG a NfiflK^*A-73^iT$.oT, c fflE(o]CDX 
tf 9 * v * ;H&T& 5 d £ jWUBT * Ac. 
[0 112] jfcttifly 2 

1 . Si (111) as. 

2. R-ZrMMII (Zr0 2 il) , 

3. AM n Oj7&W%& (HoMnO a ») . 

4. (.caNmm) 

©iTii*«iisnfc«frA-f xwisis^, wt© 
[0113] z r oMm<w&mi. *taigA(c«fc-5# 

I?8-l 0 9 0 9 9#ii*»:flStt*nfc*ttfctpi; 
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[oi i4] mmmi traacbT. &m&w\z 

[0 1 1 5] S1££9 0 CClCflPfftU 2 0 rp 

KflH&Lfc. cnn^O. WHT»)Sl/fcS lift* 
CDilJciiZ r Oz^^CD^t^fTofc dCDZrOzift 
|g|CDJ¥£te, 1 OnmtLfc. 

[0 116] :fflZ rO««WR:o«f»TX«l|g»r6ff"3 
tztZ\Z, Zr0 2 © (111) hf-^*ilj)jl«(C«ig$ 10 

^cd (l l l) SW©a-y + >i/*-yco#fiti|ittO. 
7° (s i*«os»*^tr*jniiS) t*o. ffiiaittc 

RHE.EDCJ:DI¥«Lfc. rc9«l8l3lSSCD 

IeI#t/i*— >«. h u-^-rJ&s/^— 

ofc. dCD^lcX h'J-^T&S/l^-Ma, ;©Z 

OtgRlffCtJUT. JIS B 0610(Ccfc-5+,^¥*fe|ffi$R z 20 
(l«JL : 5 0 0nm) £®\feLtztZ?>, W-i^T' 
0. 8 Onnu m±X' 1 . 0 0 nm. ft/hf 0 . 0 8nmT* 

[0 117] &4S. Z r 0 2 »BitC#AT^±S^^^ 

z r o z mmtmm<Di&mt>m*>ntz. tztz 

L. Z r O2i#±«7C*»ffctt£<0Big#a>&fcaW 

tz, Z r 0 2 }iflS*3j;^YS Z (Y KJ: 0 ^ftbfcy 
;Un~^A) SK<DStfisP£a.J£L.&»*, ZrOJ 30 

[01 18] 'A\Z. Z r O a SH8±fc, JS£ £ 5 0 nmi 
L/fcSd^ttHiSWl <t|^^(cLTHoMn0 3 »iiS:^ 

[0 119] :®HoMn03», X*fl|El#T& <fctf 
RHEEDC±lJMl/fc. iCDSSJU. 'CD^BifiA-^r 

[0 12 0]*O«. *J6W1 tPI«CUTGaNWBt 40 
[0121] j|ttW3 

*m*« (i oo) m£frz>£?izwm> mmmmLtzs 

iMSd^^^S i (10 0) Sfit. W (11 

&*s i (ill) mmtzmmL, .n^oisci 
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>^<DHMT$>0, JP£tt3 0 0 umT'&Z>o ZtlZO 

1. Si (1 0 0) SlSSfcteS i (111) is, 

2. R-Z rK&fcft&K (Z r0 2 |ffi . 

3. &mmm (p tmm . 

4. AMnOsIIl (HoMn0 3 fWHS) . 

5. «aSffl (GaNH) 

[0 12 2] S i WBffi»«©36fflja«iS<fctfZ r 0 2 

[0 12 3] Z r0 2 »IRfc^vrX*U§l*T£fro&£ 
Si (1 0 0) »S±C9Z r0 2 IItll f5 

mm<D (002) ^*«i«««cK*ati, ats©^ 
ffijg. s s b fc jfirffi 9fi< Eiai u IS MAift 

?>nAc' <h^{g|g$nfc. — Si (111) S1£± 
[0 12 4] SZr 02i®H££RHEED(C,£<9 

2 sco z r o 2 mmam<Dmi£.mzt>tz2> 1 o^mtc 

*JUT, JIS B 0610tC£&+,£2pi^ffl£R z (*^S$ 
L : 5 0 Onm) SrSiJ^L/tt;!^. Si (10 0) *1S 
_kcDZ r 0 2 (0 0 1) 5$l8lTtt. ¥^T0. 7 Onm. 
1*T0. 9 5 nm, g^T 0 . lOnmT&D. Si (1 
1 1) Sffi±C0Z rO z (1 1 1) »8tt?tt. ¥«UT- 
0. 8 Onm, i^tl. 0 Onm, I'hTO. 0 8nmT& 

[0125] z r o 2? l?iig£3?ffi(c;&-rs&g« 

& 7 0 0 <C {CiPf& U 2 0 rprnTlslte;* J¥£ 
1 0 OnmCOP t mm&Bl&lsfz. 

[0126] mztitz&p tmmiz~z>^xxm®tiT&?f 

ofctC5. Si (10 0) I«Sffll.>ti§i:Si 
(111) SS*ffl^fc«SOl»fni:fil>Tt)P t 

(111) tf-^*«i«ifc»c«*an. 

EGlLfcP t (111) *-El6)R*«»6nT^*Ct 

[0127] S£. &P t S$HI£RHE EDtC<tOlf« 

ot^Ct*?,, MP t i$gg£ fete X ■WWIil 

[0 12 8] Z r0 2 »l«C#AT«±fB7i:*B& 

{b«J»BIS:»J«bfc<tC*. Si (10 0) il&ffl^ 
fzm^ThS i (111) g&£ffl^fcJf-&Tt>f&±gi 

-Timmitvummiz din Ei6j©xt;**S'+;ni!i£ 

iOMLfciC?,. Z r 0 2 mfgl<D-k\Z&!$2tirzP 
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(ill) mmmztitz. 

[0129] P t S$lg£±K:. fS^30 Omni: L 

Ltz. 

[0130] #HoMn0 3 »ffll*X«l@HffC«t OWflB 
Lfclg*. Si (10 0) S«*IV»t«&t>S i (1 

l i) *1&£m>;t«-& : b/ , N#a«cffiS«fcf-?/ctt 
jwamsft. *-eiribit* -set ofc. 

[0131] fti3. Z r 0 2 i$Hg(C#*.T, Z r O z t# 
±a7C*Kft:*tOH***e)!&*WIB!&^flEbfcJli^ 
K(4. «BS'tttf*-*» J t>Jg<fco£. Pt»Kl:tA 
TI r'»Kfc£«©&KWRfcto££-B:fc«£tt. P t 

[0 13 2] sfejgflaji iH«lcLTG aNtfflg 

£#J&LT«?7 f S'W:*ffl£tE£:U &G a Ns$Hl£§ti 
«m tl^&fcLTflMffiLfct;!*, A»» c HSEft© 20 
X tf 9 * > +• JHBIT* -5 31 £ ItS8 S n£ „ 

[0133] ami 

ikJg»K±© AM nO 3^531$ (HoMnOJI) 
»S3 0nm©R-Z rfcftftttWfc (Zr0 2 M) 

tR*f^«Ufc. &*»BSt*«R-Z r*«ft;<» 

[0 13 4] un6©ifr;H^fflM©9^S i 
£10 0) ifiSIU&feOTIl Si (10 0) //G 
a N (0 0 0 1) *0 Si (110) //G a N ( 1 - 1 30 
0 0) t&oT 1^-5 dirt*, RHE E D:fc=fctf X glial iff 

(Ccfcoais-e^fe. -r&fc-s. s i MmcomwimiiG a 

[0 13 5] MMM 5 

aaSWlTttfflLtS i $M8ffl*K«:fflt»T. 

1 . Si (111) 

2. R-Z rfiftftfl (Z r0 2 il?lg|) . 

3. (A 1 Nj^Bi) 

^JBTfPBLfc. 40 

[0136] si m*s»*is©*BMaa*j «ttf z r o 2 

[0 13 7] JfcKl, Z r0 2 «l:, JP£2um©A 1 
N»K£»jSUfc. A 1 Nl9K©»j«Ctt. N 2 3IS1$[ 

fco h(c«ffeMA i srffl^. &w.um$6 0 0 

■C, N 2 #XEEteO. 2 5Pa> RF/W — ti8 0 0W<hL 

[0 13 8] £©A 1 NffiKlC^>TXsBft|5|#r£?fr3fc 
£d^, A 1 N© (0 0 0 2) lf-^**iH«lCK*a 50 
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Z.trft>fr^>fz. C© (0 0 0 2) K%S<F>Uv*y9ts 

<D*mmit i. 9° ffifsittten-scifc 

[0 13 9] ICA 1 N$Hg£. RHEEDtJ; 

•JJMBbfc. RHEEDC43tf3|eliffA-^->te, 
S:B5(*|(C*5^TlllS$-a-fe<h#(CH 7 ©A^-><h|2l8 
W9->htfmUA3 0° Z"i:\Z?ZM\zmtLZ>h<D-C 
$>-ofZo Z\<D/*9 — >frt>, eWAlN»5ltf^* 

[0 14 0] Z\<DA 1 N»Btaffi©K«^tt>fc4 1 
OttiBfCiSHT, JIS B 0610iC,£ R z 

(S^fi£L : 5 0 Onm) SrWJtLfciiS. ¥*=IT' 
2. 5nm. «*-C5nm. g/hT* 1 . OnmT&D, 

$>z>z.tfimi&2nrzo 
[0141] mmm 6 

ggffiM i -v&m ufc s i weastt&jii ^t, 

1 . S i (ill) 

2. R - Z r JSRfM&SK (Zr0 2 ^BI) . 

3. <&mmm (p t»ns) . 

4. 3tSaH (ZnOli) 

^MT'ftmistz. 

[0 14 2] Zr0 2 ilfiOMSTIt Hi!i6M4^|S| 
C^IHTfTofc. #t^T-, Z rOa»KS:JK^L/fcS i 
S1££5 0 0 t CtCjPi*LT2 OrpmTlEPE;* 

sp t zmmv* 1 o onm©p t mr«jmkl&. 
[0 14 3] £<DP tmmz-D^Tx&mffi&ftiizt 
p t© din tr-^*«w«(fc«!!ssti. m- 
ffii6jtt©ttisatt©B!-e»*^t*«to^t>fc. c© (i 

1 1) KlKf©n-y + >^^-^'©4 i fili|iS«0. 78° T 

»o, Efttttcgn-s c t ^ffigg-eztz. $.fz. r©p 

t?$flg£. RHEEDCiOffftlfc. ' © 

9—>-C$>-Dfz, Z\(D$c$;\ZXh>)-9T*$>Z>^9-> 

a. i^Ptsiig^itt. ^B5tt(cMnst)©T'$.s 

[0 14 4] ^^T\ P t»^±JC. J¥£ 1 Mm©Zn 
Omm&mi&l-tZo ZnOSiCMCH Ar+0 2 
f?KHri^fC*^-5RFVi/^. hD>XA7^ U >^r£* 
ffl^fc. 9—fv hl:HZ nOSfflO, *1Sfa^«5 0 
Ot, 0 2 / (A r +0 2 ) « 1 0 %. ^E(i0. 4 P 
a. RF/W-tel 5 0W£Lfc„ 

[0 14 5] C©Z nO»ttJCO^TX»|Hl«*fT-3fc 

izz.^,. zno© (0002) e-^^wittJcatgs 
n. m-tiifa&w )iv t 1 hgy©;g«£att-:©8i-c$)-5 

Z\ttft0fr-3tZo Z\CO (0 0 0 2) K#t©P->' + >^A 

-^©^fitstao. 9 9° -c*o. Eiaittcains^t 

[0 l 4 6] S^c. C©ZnOSSfl^€:. RHEEDHi 
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<OWmi,rz. RHEEDKI*5tt*l§I»r/t*->tt. S« 

0©A-^->i^'|5|ft^3 0° ^t(C32StC«n-5fe(7) 
Xfo-otz. Z\(DAi?->fr<E>. Z\<DZ nOi?B^^Xtf^ 
4=- -> -V Jl'iT^S £ t frfcfr Z> o 

[0 14 7] d(DZ nOMm&M<Dte&±ft\Zt>rz% 1 
0ffil9HC*5^T. J IS B 0610tc££+,&¥i3tt£R z 

(»S3L : 5 0 0nm) ^ffll^LActd^. ¥*9T 
8. 5nm. g^TlOnin. Si'bX 2 nmT"& 0 . 

sct*i«g^$nfc. io 

[0 14 8] gjfcfll7 

mmm3X'mmLfzs i (100 isis i (n 

1) SStSI^T. 

1. Si (10 0) SSSfcttS i (111) sis, 

2. R - Z r *R{ti»«l!l (Pr 2 0 3 i$Hl) . 

3. ilfiDJf (GaNjSHi) 

[0 14 9] **«liratttl/T#atR^BS»C 
S i m\Mm&Mf&\ss 'A^X\ r<73#^Otr^ 20 

kp r &mwztefim.Mffimi t.nmz\^x. p r 2 o 3 

»RSMl/t. P r 2 0 3 »l«©J3Sttl Onit^fc. 

[0 15 0] S^S»ffi±t^fiK$nfcCltie.©P r 2 
0 3 »KtCO^TXISl|HlSf*ff-3fci^J5. Si (10 
0) *«£ffl^£«£K:ttP r 2 O a ©#±«C3!tti6a> 

(222) if-fAmmizmmzn, m<m\s\L.iz&& 
mm bnfc:i fiwizznrz. — si d 1 n 

S«*ffl^fc«£K:t>, l^fC (2 2 2) lf-^*tlD3W 

fz, §Pr 2 0 3 iKRHEEDl;it]Sibfcti 
5, ->fr*-> Y — Zff£X MJ— ^ttfc&oTI^ 

d <hfr5gB£nfeo in?.2iOPr 2 
0 3 |»IK*ffiCDt5«±^Ct)fc-5 1 OffiffifC&^T. JIS 
B 0610»C«t4+/St¥^aaRz (SVfiSL : 5 0 On 
m) *ffl&\stct.Z\?)s Si (10 0) M±0Pr 2 O 
3 (1 1 1) SSPIHTte. W-^iXO. 7 0nm. l^TO. 
9 5 nm, g/jNT 0 . lOnmT&D. Si (111) iti 
±tf)P r 2 0 3 ( 1 1 1 ) iKTB, W-i^X'O. 8 Onm. 40 
i^Tl. OOnm. M/h"eo. OSnnrC&O. ^-?tlh 

ft? \^^.)i'X'W-m.X'$> i tz. 

[0151] -AiZ. S-P r 2 0 3 W8I±(C. J?£ 1 um(D 
GaNlHSMLfc. G aNi$Bg©7£/£»;:te. N 2 # 

0°C. N 2 #XEE«0. 2 5 Pa. RF/t7-B3O0»t 

[0152] Si (111) S«±(C^UfcGaN}f 
aiCO^TX^15|gr^fTo^i-5, GaNO (000 50 
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i) t:-*a«pn([fc«*sn. ^-Ertitto^^yr-f 

hS©iWSatt©8lT»*Ct*«to^t)fc. (0 0 

0 1) SltCP^ + ^yA-^igHl. 9° (S 

[0 15 3] Si (1 1 1) *«_kK:»jSU&G 

a N RHE EDKckOflMffiL-fe. RHEEDl; 

tz\zm i ioA^->iii 2»/i^->t^*[Hite^ 

3 0° JTtK^SfC^nSfcWT&^fc. ^©A°^-> 
fcfrS. 

[0 1 5 4] S i (111) mWL±\zmi$,LfzG aNW 

mmw<?>m2±mzt>rz2> 1 omcu^t, jis b 06 

IO(C«fc-54-^l^»$R z (S*Pfi£L : 5 0 Onm) £ 
fflteLfctC^, ¥l£)T-0. 9nm. fi^cTl. 5nm. m 

[0 155] M, Si ( 1 0 0) &&±\,Z&l&VrzG 
aNmmzlS^Xb. Xi^lHjgf, RHE ED&cfcO^tflS 

[0156] cnewm^m xfflSS<o5^s i 

(10 0) It^fflWcfcffiTB, Si (10 0) //G 
a N (0 0 0 1) fro Si (110) //G a N (1-1 
0 0) tftotl^eitAJ, RHEED*3J;?>'X^|hI#t 

c«kOfliB-rsfc. s issofsmffiiiGa 

[0 15 7] ^agW 8 

1 T&ffl L-fc S i HMSSSKS ffl HT. 
1 . Si (111) »«» 
2 . N a C 1 Sg{fc#5i$Hg ( Z r NftUt) , 
3. ^ffiJi ( I nNiHlgi) 

<DMxmmi>mm a ntwr/w x « s« * . wt© 

[0 15 8] H4J-*T*i#S«Sffl^. K£tfft£l 
0- B Torr*TjftJt«3p>7 p fc«tO*»U. MS9 0 0 
XZlzmmLX2 OrmXleimZltZtmz; X)lfr<E>& 
fil;tfX£l 0cc/»O«^T7i»AUtt*»6, MZ r* 

3©ZrN»I©fS(t 10nm.hL.fe. 
[0 15 9] Z\(DZ rNmmz^>^XXm®ffi$:ftitz 

zrNfl (ill) if-ttfwmzmmzti, 

(1 1 1) S#=f©n-v^>^*-^<75#fii*S(4 0. 78 
° T'£9. Eiaj«fetCfin*C<kt>*B-C*fc. 
[0 16 0] £fe, iWZrNill^, RHE ED(C«t 

'J-i?T*%/^->ll 3CDZ r N^ggfriSSSfl-:. ^ 
[0161] ^(C. Z r NSSBS±tC. /p$ 1 (tm© 1 n 
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fc. ^— y y Mctt&JRA 1 Srffl^. S«SKtt6 0 0 
*C, N 2 #XEE«0. 2 5Pa. R F/W-13 3 0 OW<h L 

[0 16 2] I nNSflKfCO^TXiKlHlSfSrfToit 

tc5. i nN© (0002) z—zww&izmmz 

rtW 0 fc o CCD (0 0 0 2) &.tt<Dny*>tfU 

-7<D¥mmzo. 9 9° T'&v. mft®.\zmn2>z.t 10 

[0 16 3] dCO I nNi$8»£. RHEEDKJ: 

DHMffibfc. RHEED(C*5tt-5lHlST/t^ — Sffi 

Srssrtfr*3^TiHites-e-^t€rfwSi 3co^^->tia 
1 4CO/1^->i^|5|teft3 o° rtt^stc^n-sfc 
<DT*$>-ofz. roni'-yfrb, I n NiSHM^ltf 

[0 16 4] sfeMffJQ 

1 . Si (111) £«. 20 

2. a i o x «&ik (a i o x mm) . 

3. fgffll? (GaNiWgg) 

OM-P*R«t8IJISn%:«?7 ! /WXfflS««. BIT© 

[0 16 5] sr. tH*fcUT, SffiiSEnK 

[0 1 6 6 ] ^T*. 9 0 O'CKttmftU 2 0rp 

mT*lelte$-tt-§)i:#(cyX;U^6i?Sfe**XS: 2 5cc/# 

dtlCcfcO, iffilgT^/dcLfcS i mitVl 30 

mvmZit. 1 OnitUfc. 

[0 16 7] ££>A 1 OxWK*X«|H|t(TK:«t0»«rL 

r-A 1 2 0 3 l!©ilSII«jfi&*-r-5 (11 
i) El6]«lT?* S ofc. 

[0 16 8] £fc. Z\(DA 1 OxII^, RHEEDC 
.fcOffMBl/fc. l 5 fc>rcT. ^ro^R^S 

Z\<D$£±\Z7. b <)-97: foZ>/i$>->lZ, Z\<D 

a i o x mm&i®&®.. mmmzmnz>b(DT'$>z>z:t 40 

1 0Ml:ti^T, JIS B 0610fCcfcS+^¥^ffi$R z 
(S?1Sg$L : 5 0 Onm) ^Wi^tzhZ.^. Wt? 
0. 7 Onm, S*T" 1 . 0 Onm. m'hX'0. 0 8nmTS 

[0169] friz* COA 1 Ox^±(C J¥£ 2 wmCD 
GaNWR&JgjSLfc. G a NffROM Ktt. N 2 3? 
Hfl^* tC*3^SR F Vi/^ h O y^rt y 9 U >^S*ffl 
l^fc. ^— y-y Hltt&JRG a £fflt^. 1HS»6 0 
Ot;. N 2 #X)Ett0. 2 5Pa. R F/17-li 8 0 0W£ 50 
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[0 17 0] d(DGaNSPBS©RHEEDfC*3W-SlHlJr 

6CO/t^->t0 1 7CO/^^->i^(5l^3 0° ZTt 
(C^StC^tl-SfecOT-feofe. Z\<Drt?—>fi>ib. dco 

GaN^gK^xe^*->^;n^-e**it^t)*>-5. 

[0 17 1] dC7)GaN^*ffic7)S»S±^t^fc-5 1 
0®mtC*J^T, JIS B 0610fc<fcS+,^¥^ffl$Rz 

(S*$Sfi2L : 5 0 Onm) fcfflfJSLjttd^. 
1 . 5 nm. 2 nm. ft/hT 0 . 7 nmT$> 0 . 

[0172] mmm 1 o 

fc. JWTt^f (0 0 0 1) gH(p]G a I n A 1 N 

^^<h«. A 1 N (0 0 0 1) mm. G a N (0 0 0 
1) WKiS«fclM nN (0 0 0 1) »BtT?*-6. 
[0173] Z n O (0 0 0 1) i^SICOPcgtt. 

^^6 0 0 < CtcSDl^LT2 OrpmTlHie^-a-. Sffiififf 
CECR7 ztUJinXMfr *>Wtmi3* £25 cc/»©#J 

[0 17 4] St. (0 0 0 1 ) SJ["JG alnAINI 
Mm<D&l$%. Affile J; Dfrofc. 

S1&£6 0 0'CfCtP^LT2 0 rpmTlHlK 
S«iS8KECR75?#;PSS*»Ba*SS&*#X«: 

fritz* X/t-yi'SCfeltaSfHJ. 3fe660iJ5. 7. 8 

[0175] s:*, te©«a»«, ±m&-MMM£mmi,z 

[0176] 1. Si (111) SIS. 

2. HoMnOa (0001) &gg. 

3. P t (111) ftflg. 

4. (0 0 0 1) SHftGa I n A 1 NI^I 
[0 17 7] 1. Si (111) £«. 

2. Z rO a (1 1 1) *S8, 

3. HoMnOa (0001) }WBS. 

4. p t (ill) mm. 

5. HoMnO, (0001) 

6. (0 0 0 1) ElnlGalnAlN^il 
[0178] 1. Si (111) 

2. zro«(iii) mm. 

3. p t (ill) mm. 

4. HoMnO a (0001) 

5. (0 0 0 1) El^lGa 1 nA!N» 

[0179] i . s i (ill) mm. 



29 
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2. ZrOj (1 1 1) 

3. P t (111) 

4. Zr0 2 (111) mm. 

5. HoMnOa (0001) f 

6. (0 0 0 1) Sei«)Ga I nAl N^Il 
[0180] 1. Si (111) 

2. ScO,(lll) mm. 

3. (0 0 0 1) BEf6]Ga I n A 1 N^}?^ 

[0181] i. si (ill) mm. 

2. Z r O a (1 1 1) &Bt. 10 

3. P t (111) BK. 

4. (0 0 0 1) ll^lGalnAlNSili 
[0182] 1. Si (111) Sfi, 

2. Lu 2 O a (111) ftfflg. 

3. ZnO (0001) WIBIiiifcte (0 0 0 1) E[p]G 
a I n A 1 N^»®| 

[0183] 1. Si (111) gffi, 

2. Z r O z (1 1 1) WBS. 

3. ZnO (0001) i^IgiSfcte (0 0 0 1 ) E[6]G 

a I n A 1 NflU 20 

4. p t (ill) mm, 

5. (0 0 0 1) SHlSlGalnAlNiil 

[0184] i. si (ill) mm. 

2. ZrO z (111) mm. 

3. ZnO (0001) i$Hg£/tte (0 0 0 1) S2[p]G 
a I n A 1 NJSiiJgl. 

4. P t (111) ffflg. 

5. ZnO (0001) Bm^fcit (0 0 0 1) EftG 
a I n A 1 N^jSSI 

[0185] 1. Si (111) mm. 30 

2. ZrO z (111) 

3 . P t (111) 

4. ZrO s (111) 

5 . ZnO (0 0 0 1) mmS-ltlit (0 0 0 1) EfaG 
a I n A 1 N^iSBM 

[0 18 6] «±©*WW©*&*a>S. *ffiifl©«***« 
[IBS 

[II] (a) ~ (e) it. ^^rotfTA'-fXffla 
«©«j««Sw-r«SCHT*«. 40 

[12] Yszsiifrarote^ftSttWf *fc#©«5£ 
1T&-S. 

[0 3] «T**LED©#|j6 4 

[14] *B9ia)«?7VW xfflS^cD^igtcffl^en 

[15] *Sa«jSS*-rHffi«ffl^*T*-3T. Si 

(III) SK±l:M LtHoMnOal^RHEE 

1 0] ^fSjT"*-5,. 50 
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[16] fcS&raig^Tlffiftffl^XT&oT. S i 

(ill) is/HoMno, (oooi) mm±izm 

(Sl/fcGa N j^HgCDR H EED/^-yT^O. fcT** 
(DAWSlilHS UMSJi [1 1 0] 

[17] teffl«is**-rHffiftffls§t*T?a-3T. s i 
(ill) ais/z r o 2 ( i 1 1 ) »«±K»ii8 bfc 

A 1 NiI©RHEED;t^->fa&§. 
[18] ja&#53§£7K-r!ffiftffl^KT-&-3T. S i 
(111) S1S/Z rO z (111) SMLLKJBfifcbfc 

AINiI©RHEED/^->tSO, m^8fl<E>A#t 
H7S3S«PtbT»SBSirtK:*^T3 0* Site 

[19] ISffiffijS&5V*-0ffiftfflJ£K-ir»oT. S i 
(111) S*/Z r0 2 (111) »«/P t (1 1 
1) mi&±iZ]&l£l,rcZ nOi^fflR'HEED/^-> 

111 0] IgflW&S^TBffiftffl^JlTifeoT, S i 

(ill) s«/z ro 2 (in) *«/p t ( 1 1 

1) iI±CMlfcZnO^<?)RHEED/^-> 

[hi] *sa«ies:*-rBiBB«ffl^jn?*oT, s i 

(111) »«/P r 2 O s (111) »R±fc:»J*Lfc 

G a Nr^IICDRHEED/1^->TS)-2>„ 
[112] «Sat»ig^^-riffi^ffl^*T*oT. S i 
(111) StS/P r,0, (111) WBLkKfl&JSlxfc 

GaN»I©RHEED/^->f*0, lfi©Alt 
11 1 ***PtLT*«ffil*gtCfeViT3 0° IhI 

[113] ISSffl|jar**-rBIBS«ffl3fJSl-C»t>T. S i 
(111) S1S/Z r N (111) mm±iZWfJS.Vtc I 
nNflffiRHE E D/N°^->1?*^„ 
[114] «1iiIS^tHi«ffl^T*oT. S i 
(111) S«/Z r N (111) fWSUrKJSMSLfc I 
nNiiORHEED/^->T$0, IfifflAW^ 
1*1*, 1 1 3 *S*P£l/T*«W9fc:iS^T3 o° leite 

JtifcSnCllfflf fell. 

[115] ISa«li6Srw-rEIBB«ffl^*T*-3T. S i 

(ill) mm±izmi&i,tcA i o x ii©RHEED 

A* — 

[116] SSa«?ig£7RTiaffittffl^*T&oT, S i 
(111) SIS/ A 1 Ox (111) *gS±K:SSc£Hfc 
GaNii«)RHEED;t5'->T*§, 
[117] ttffl«ifi*55T0ffirefflWr*oT, S i 

(ill) »«/a i Ox din wK±K:»iaufc 

GaNIlCRHEED/^->f$D. ®^<Z)A#t 
lil 6^i*ttTiIffirtl;*5^T3 0° IhI 
«E £ -£ >fc « £ <Z> W T- & -5> . 

i ^*t£© 
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9 Mn^fgSB 

i o ^±m-7immm^ 

1 0 4 n§y=i>^i7 h)S 

105 3?2Wn5yi7 7^ KJH 

10 6 fSKDnM? 
1 0 7 ffittH 

10 8 mi(Oplii7^-y KH 

109 JS2©pS9^7y KH 

1 1 0 pS3>** hjg 

1 1 1 lESffi 

1 1 2 ftttJS 
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(54) SUBSTRATE FOR ELECTRONIC DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a substrate for an electronic device, wherein an 
epitaxial film having a Wurzeit type crystal structure which can be used as a functional film of a 
semiconductor film, etc., or as a foundation of such a functional film existing on an Si substrate. 

SOLUTION: This board has a surface layer on a surface of an Si single- crystal board with a 
buffer layer interposed and the buffer layer comprises at least any of an R-Zr oxide thin film 
containing oxide of a rare-earth element and/or zirconium oxide, an AMn03 thin film which 
contains A (rare-earth element), Mn and O and has a hexagonal YMn03 type structure, an AI02 
thin film containing Al and O and an NaCI type nitride thin film containing at least one kind of 
titanium nitride, niobium nitride and tantalum nitride and zirconium nitride. The surface layer 
contains a Wurzeit type oxide and/or nitride. 
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